
*HUPDQ�$HURVSDFH�&HQWHU

,QVWLWXWH�RI��7HFKQLFDO�7KHUPRG\QDPLFV

'LUHFW�6WHDP�*HQHUDWLRQ�LQ�3DUDEROLF�7URXJKV�
)LUVW�5HVXOWV�RI�WKH�',66�3URMHFW

0��(FN��:�'��6WHLQPDQQ
*HUPDQ�$HURVSDFH�&HQWHU��'/5�

,QVWLWXWH�RI�7HFKQLFDOH�7KHUPRG\QDPLFV��6WXWWJDUW



*HUPDQ�$HURVSDFH�&HQWHU

,QVWLWXWH�RI��7HFKQLFDO�7KHUPRG\QDPLFV

�,QWURGXFWLRQ

�([SHULPHQWDO�5HVXOWV

�&RQFOXVLRQV�2XWORRN

'LUHFW�6WHDP�*HQHUDWLRQ�LQ�3DUDEROLF�7URXJKV�
)LUVW�5HVXOWV�RI�WKH�',66�3URMHFW

���0��(FN��:��'��6WHLQPDQQ



*HUPDQ�$HURVSDFH�&HQWHU

,QVWLWXWH�RI��7HFKQLFDO�7KHUPRG\QDPLFV

'LUHFW�6WHDP�*HQHUDWLRQ�LQ�3DUDEROLF�7URXJKV�
)LUVW�5HVXOWV�RI�WKH�',66�3URMHFW

6WUXFWXUH�RI�WKH�',66�H[SHULPHQWV

6WDUW�8S�DQG�6KXW�'RZQ

6WHDG\�VWDWH�WHVWV

7UDQVLHQW�WHVWV

&RQWURO�WHVWV

���0��(FN��:��'��6WHLQPDQQ



*HUPDQ�$HURVSDFH�&HQWHU

,QVWLWXWH�RI��7HFKQLFDO�7KHUPRG\QDPLFV

6WHDG\�6WDWH�7HVWV�
5HFLUFXODWLRQ�&RQFHSW�YV��2QFH�7KURXJK�&RQFHSW

���0��(FN��:��'��6WHLQPDQQ

3UHVVXUH�FRQWURO�LQ
DXWRPDWLF�PRGH

7HPSHUDWXUH�FRQWURO�LQ
DXWRPDWLF�PRGH�IRU�WKH
2QFH�7KURXJK�FRQFHSW

'HPRQVWUDWLRQ�RI�WKH
IHDVLELOLW\�IRU�ERWK
FRQFHSWV

�

��

���

���

���

���

���

���

���

�� �� �� �� �� �� �� ��

�

��

��

��

��

���

���

���

���

7HPSHUDWXUH 3UHVVXUH

/RFDO�7LPH

7
HP

SH
UD
WX
UH
�>�
&
@

3
UH
VV
XU
H�
>E
DU
@

�

��

���

���

���

���

���

���

���

�� �� �� �� �� ��

�

��

��

��

��

��

��

��

��

7HPSHUDWXUH 3UHVVXUH

/RFDO�7LPH

3
UH
VV
XU
H�
>E
DU
@

7
HP

SH
UD
WX
UH
�>�
&
@

5HFLUFXODWLRQ�&RQFHSW

2QFH�7KURXJK�&RQFHSW



*HUPDQ�$HURVSDFH�&HQWHU

,QVWLWXWH�RI��7HFKQLFDO�7KHUPRG\QDPLFV

6WHDG\�6WDWH�7HVWV�
7KHUPRK\GUDXOLF�RI�WKH�'LUHFW�6RODU�6WHDP�*HQHUDWLRQ

7HPSHUDWXUH�SURILOH
LQ�D�FURVV�VHFWLRQ�RI
DQ�DEVRUEHU�WXEH

$EVRUEHU�WXEH

���0��(FN��:��'��6WHLQPDQQ



*HUPDQ�$HURVSDFH�&HQWHU

,QVWLWXWH�RI��7HFKQLFDO�7KHUPRG\QDPLFV

6WHDG\�6WDWH�7HVWV�
6LPXODWLRQ�DQG�0HDVXUHPHQW�RI�WKH�PD[��7HPSHUDWXUH

*UDGLHQW�LQ�D�&URVV�6HFWLRQ

���0��(FN��:��'��6WHLQPDQQ

� ��� ��� ��� ��� ���
�

��

��

��

��

��

Collector length in m

m
a

xi
m

u
m

 T
e

m
p

e
ra

tu
re

 g
ra

d
ie

n
t i

n 
K

0HDVXUHPHQW
6LPXODWLRQ�

5HFLUFXODWLRQ�PRGH

S� ����EDU

*RRG�FRROLQJ�LQ�WKH�HYDSRUDWRU
VHFWLRQ��DQQXODU�IORZ�

6LPXODWLRQ�PRGHO
HPSLULFDO�PRGHOV�IRU�WKH
SUHGLFWLRQ�RI�WKH�IORZ�SDWWHUQ
DQG�KHDW�WUDQVIHU�FRHIILFLHQW

)(0�FDOFXODWLRQ�RI�WKH
WHPSHUDWXUH�GLVWULEXWLRQ



*HUPDQ�$HURVSDFH�&HQWHU

,QVWLWXWH�RI��7HFKQLFDO�7KHUPRG\QDPLFV

� �� ��� ��� ��� ��� ��� ��� ���
��

��

��

��

��

��

��

Collector Length in m

P
re

ss
u

re
 in

 b
a

r

R = 1 

R = 0,75 

R = 0,5 

R = 0,25 

R = 0 

5HFLUFXODWLRQ�PRGH

S� ����EDU

5� �������������������������������

+LJKHU�UHFLUFXODWLRQ�UDWH�FDXVHV
KLJKHU�SUHVVXUH�GURS

6WHDG\�6WDWH�7HVWV�
6LPXODWLRQ�DQG�0HDVXUHPHQW�RI�WKH�3UHVVXUH�'URS

���0��(FN��:��'��6WHLQPDQQ

5HFLUFXODWHG�0DVV�)OX[

)HHG�0DVV�)OX[



*HUPDQ�$HURVSDFH�&HQWHU

,QVWLWXWH�RI��7HFKQLFDO�7KHUPRG\QDPLFV

150 200 250 300 350 400 450 500
5

10

15

20

25

30

35

40

Collector length in m

m
a

xi
m

u
m

 T
e

m
p

e
ra

tu
re

 g
ra

di
e

n
t i

n 
K

R = 0   
R = 0,25
R = 0,5 
R = 0,75
R = 1   

5HFLUFXODWLRQ�PRGH

S� ����EDU

5� ���LV�HTXLYDOHQW�WR�2QFH�
7KURXJK�0RGH

1R�H[SOLFLW�GHSHQGHQF\
EHWZHHQ�5�DQG� 7

Ã� 6XIILFLHQW�FRROLQJ�DW�ORZ�
UHFLUFXODWLRQ�UDWHV

6WHDG\�6WDWH�7HVWV�
0D[LPXP�7HPSHUDWXUH�*UDGLHQW�DV�D�)XQFWLRQ�RI�5

���0��(FN��:��'��6WHLQPDQQ



*HUPDQ�$HURVSDFH�&HQWHU

,QVWLWXWH�RI��7HFKQLFDO�7KHUPRG\QDPLFV

� ���� ���� ���� ���� �����

���

���

���

���

���

���

���

7LPH�LQ�V

T
e

m
p

e
ra

tu
re

 in
 °

C

����P��PHDVXUHG��
����P��PHDVXUHG��
����P��VLPXODWHG�
����P��VLPXODWHG�
����P��LQSXW�����

5HFLUFXODWLRQ�PRGH

S� ����EDU

'HIRFXVVLQJ�RI�WKH���WK�DQG���WK

FROOHFWRU

*RRG�DJUHHPHQW�EHWZHHQ
VLPXODWLRQ�DQG�PHDVXUHPHQW

1RQ�SUREOHPDWLF�G\QDPLF
EHKDYLRU

7UDQVLHQW�7HVWV�
6LPXODWLRQ�DQG�0HDVXUHPHQW�RI�WKH�6WHDP�7HPSHUDWXUH�DIWHU

WKH�'HIRFXVVLQJ�RI�WKH�6XSHUKHDWLQJ�&ROOHFWRUV

���0��(FN��:��'��6WHLQPDQQ



*HUPDQ�$HURVSDFH�&HQWHU

,QVWLWXWH�RI��7HFKQLFDO�7KHUPRG\QDPLFV

(QG�RI�HYDSRUDWLRQ�VHFWLRQ�LV�IL[HG�IRU�WKH�UHFLUFXODWLRQ�PRGH��SRVLWLRQ
RI�WKH�VHSDUDWRU�

)OXFWXDWLRQV�RI�WKH�VRODU�LUUDGLDWLRQ�FDXVHV�YDULDWLRQV�RI�WKH�HQG�RI�WKH
HYDSRUDWLRQ�VHFWLRQ�IRU�WKH�2QFH�7KURXJK�FRQFHSW

7UDQVLHQW�7HVWV�
(QG�RI�WKH�(YDSRUDWLRQ�6HFWLRQ

���0��(FN��:��'��6WHLQPDQQ

3UHKHDWHU (YDSRUDWRU 6XSHUKHDWHU



*HUPDQ�$HURVSDFH�&HQWHU

,QVWLWXWH�RI��7HFKQLFDO�7KHUPRG\QDPLFV

�� �� �� �� �� �� �� ��
�

��

��

��

��

��

��

��

Local Time

M
a

xi
m

u
m

 T
e

m
p

e
ra

tu
re

 G
ra

di
e

n
t i

n 
K

2QFH�7KURXJK�PRGH

S� ����EDU

0D[LPXP�WHPSHUDWXUH�JUDGLHQW
FKDQJHV�EHWZHHQ����.
�VXSHUKHDWLQJ�VHFWLRQ��DQG����.
�HYDSRUDWLRQ�VHFWLRQ�

(YHQ�XQGHU�VWDWH�FRQGLWLRQV
SHUPDQHQW�IOXFWXDWLRQV�RI�WKH
HQG�RI�WKH�HYDSRUDWLRQ�VHFWLRQ

Ã� +LJK�WKHUPDO�VWUHVV

6WHDG\�6WDWH�7HVWV�
0HDVXUHPHQW�RI�WKH�0D[LPXP�7HPSHUDWXUH�*UDGLHQW�DW�D

&ROOHFWRU�3RVLWLRQ�RI�����P

���0��(FN��:��'��6WHLQPDQQ



*HUPDQ�$HURVSDFH�&HQWHU

,QVWLWXWH�RI��7HFKQLFDO�7KHUPRG\QDPLFV

13 13.5 14 14.5 15 15.5 16 16.5 17
200

220

240

260

280

300

320

340

360

380

400

Local Time

F
lu

id
 T

e
m

pe
ra

tu
re

 in
 °

C

50 m 
350 m
400 m
450 m
500 m

2QFH�7KURXJK�PRGH

S� ����EDU

'HIRFXVVLQJ�RI�WKH��VW�FROOHFWRU
DW������

)LUVW�LQFUHDVH�RI�WKH�IOXLG
WHPSHUDWXUHV�GXH�WR�D
WHPSRUDU\�GHFUHDVLQJ�RI�WKH
PDVV�IOX[

$IWHUZDUGV�D�VXGGHQ�GHFUHDVH
RI�WKH�WHPSHUDWXUH�������.�LQ�D
IHZ�VHFRQGV�

Ã� +LJK�WKHUPDO�VWUHVV

7UDQVLHQW�7HVWV�
0HDVXUHPHQW�RI�6WHDP�7HPSHUDWXUHV�DW�VHOHFWHG�FROOHFWRU

SRVLWLRQV�DIWHU�WKH�'HIRFXVVLQJ�RI�WKH�ILUVW�&ROOHFWRU

���0��(FN��:��'��6WHLQPDQQ



*HUPDQ�$HURVSDFH�&HQWHU

,QVWLWXWH�RI��7HFKQLFDO�7KHUPRG\QDPLFV

7KH�IHDVLELOLW\�RI�WKH�'6*�LQ�KRUL]RQWDO�FROOHFWRUV�KDV�EHHQ�GHPRQVWUDWHG

$�VLPXODWLRQ�WRRO�IRU�WKH�FRQFHSWXDO�GHVLJQ�RI�D�'6*�FROOHFWRU�ILHOG�ZDV
GHYHORSHG

7KH�UHFLUFXODWLRQ�FRQFHSW�KDV�WKH�KLJKHU�LQYHVWPHQW

7KH�UHFLUFXODWLRQ�PRGH�LV�DOVR�IHDVLEOH�IRU�ORZ�UHFLUFXODWLRQ�UDWHV

7KH�UHFLUFXODWLRQ�FRQFHSW�KDV�D�IL[HG�HQG�RI�WKH�HYDSRUDWLRQ�VHFWLRQ�DQG
WKHUHIRUH�JXDUDQWHHV�D�VDIH�RSHUDWLRQ�RI�WKH�FROOHFWRU�ORRS

&RPSDFW�VHSDUDWRUV�PLJKW�EH�DQ�FRVW�HIIHFWLYH�DOWHUQDWLYH�WR�VHSDUDWRU
GUXPV��WKXV�UHGXFLQJ�WKH�LQYHVWPHQW

&RQFOXVLRQV�

���0��(FN��:��'��6WHLQPDQQ



*HUPDQ�$HURVSDFH�&HQWHU

,QVWLWXWH�RI��7HFKQLFDO�7KHUPRG\QDPLFV

&\FORQH�VHSDUDWRUV

7�MXQFWLRQV

$GYDQWDJHV
ORZHU�SULFH

ORZHU�WKHUPDO�LQHUWLD

&RQFOXVLRQV��$OWHUQDWLYH�6HSDUDWRUV

���0��(FN��:��'��6WHLQPDQQ



*HUPDQ�$HURVSDFH�&HQWHU

,QVWLWXWH�RI��7HFKQLFDO�7KHUPRG\QDPLFV

,QYHVWLJDWLRQ�RI�WKH�,QMHFWLRQ�PRGH

,QYHVWLJDWLRQ�RI�FRPSDFW�VHSDUDWRU�V\VWHPV

,QYHVWLJDWLRQ�RI�VWRUDJH�V\VWHPV�IRU�'6*

,QYHVWLJDWLRQ�RI�V\VWHP�LQWHJUDWLRQ

2XWORRN�

���0��(FN��:��'��6WHLQPDQQ


